U ndescended testis, or cryptorchidism, which occurs in 2 to 5% of boys born at term, is one of the most common congenital abnormalities. 1 Cryptorchidism is associated with impaired fertility and is a risk factor for testicular cancer. Among men who have had undescended testis, the risk of cancer is increased two to eight times, and 5 to 10% of all men with testicular cancer have a history of cryptorchidism. 1,2 However, it is unknown whether cryptorchidism and testicular cancer have a common cause, or whether cryptorchidism is in itself a cause of testicular cancer.
Testes that are undescended at birth may descend spontaneously during early life, but seldom thereafter. By 12 months of age, about 1% of all boys have cryptorchidism. 1,3 Treatment for persistent cryptorchidism is generally orchiopexy, a surgical correction in which the testicle is placed and fixed in the scrotum. There is evidence that postnatal germ-cell development deteriorates in the undescended testis after the first year, and perhaps for this reason, the risk of infertility increases with age. 1,4,5 The recommended age for orchiopexy has therefore been successively lowered, and the procedure is now recommended for patients younger than 2 years old and even as young as 6 months old. 4, 6 The question of whether the age at treatment has any effect on the risk of testicular cancer is controversial. According to the predominant view, the mechanism leading to testicular cancer is present before birth and the risk of cancer is largely determined in utero or early in life. 7, 8 If this view is correct, then the age at surgical correction should not be related to the rate of testicular cancer. Some studies suggest, however, that orchiopexy at an early age decreases the risk of testicular cancer. Even so, most of these studies used retrospectively collected data, and all of them were too small to produce conclusive results. [9] [10] [11] [12] [13] We investigated the risk of testicular cancer according to the age at orchiopexy in a cohort of almost 17,000 Swedish men who were surgically treated for cryptorchidism between 1964 and 1999.
Me thods

The Registries
We used data from the Swedish Hospital Discharge Register to assemble the study cohort, which was followed from 1965 to 2000 through linkage to the Swedish Cancer Registry and the Register of Population and Population Changes. Linkage was performed on the basis of the national registration number, a unique personal identifier referred to in all hospital records and official registries in Sweden.
In 1964, the Swedish National Board of Health and Welfare initiated the Hospital Discharge Register, which compiles data on individual discharges from Swedish public hospitals. Virtually all patients in Sweden are treated at public hospitals, making the Discharge Register representative of hospitalizations in the Swedish population. Each record contains medical and administrative data, including the dates of admission and discharge, surgical procedures performed, the main diagnosis at discharge, and up to five contributory diagnoses. The surgical procedures were coded from 1964 to 1996 according to the Swedish Classification of Operations and Major Procedures, first through sixth editions, and from 1997 onward according to the Classification of Surgical Procedures, 1997 edition. The diagnoses at discharge were coded according to the Swedish version of the International Classification of Diseases, with the 7th revision (ICD-7) used for the years 1964 through 1968, the 8th revision (ICD-8) for 1969 through 1986, the 9th revision (ICD-9) for 1987 through 1996, and the 10th revision (ICD-10) thereafter.
In 1964, the Discharge Register covered 6 of the 26 health care regions in Sweden. Gradually, more hospitals were included, and by 1975, 16 health care regions were fully covered 14 (including the three largest cities in Sweden: Stockholm, Gothenburg, and Malmö). Since 1987, the registry has covered all hospitals in Sweden.
The Swedish Cancer Registry was established in 1958 and obtains mandatory reported data from both clinicians and pathologists on all newly diagnosed malignant neoplasms. Information on the site and histopathological features of the tumors is recorded. The registry is estimated to be more than 95% complete. 15 The Register of Population and Population Changes contains the official Swedish population data, including dates of death and migration; the data have been available since 1960. charge diagnosis ICD-7 code 757.00, ICD-8 code 752.10, ICD-9 code 752F, or ICD-10 code Q53.0, Q53.1, Q53.2, or Q53.9) between January 1964 and December 1999 and who had been treated with orchiopexy (surgical procedure code 6790, KFH00, or KFH10) before 20 years of age. The restriction to those who underwent surgery before 20 years of age minimized the influence of selection bias due to, for instance, referral of men seeking treatment for infertility to the urology department.
One subject in whom testicular cancer had already been diagnosed, 205 subjects who emigrated from Sweden after orchiopexy and did not immigrate back to Sweden before the beginning of their follow-up, and 12 subjects with conflicting information on sex or date of orchiopexy were excluded from the study cohort, leaving 16,983 subjects for the analysis. Among 2667 (15.7%) subjects who were surgically treated for cryptorchidism more than once, we used the date of the last admission as the index date of orchiopexy.
The study was approved by the ethics committee of the Karolinska Institute. Informed consent was not required.
Statistical Analysis
The members of the cohort were followed from 15 years of age or the age at orchiopexy plus 1 year, whichever occurred later, to the date of diagnosis of germ-cell testicular cancer (ICD-7 code 178), the age of 55, emigration, death, or December 31, 2000, whichever occurred first. The first year after orchiopexy was excluded to reduce the risk of selection bias. The germ-cell testicular cancers we included were seminomas and nonseminomas, the latter encompassing teratomas, choriocarcinomas, yolk-sac tumors, embryonal carcinomas, and mixed germ-cell tumors.
We estimated the relative risk of testicular cancer by calculating the standardized incidence ratio (the observed number of cases of testicular cancer divided by the expected number). Expected numbers of testicular cancer were based on the 5-year age-and period-specific rates in the Swedish general population. We estimated 95% confidence intervals (CIs) assuming a Poisson distribution. Analyses were also stratified according to age at orchiopexy and calendar period of orchiopexy. In categorizing age at orchiopexy, we focused on the ages around puberty. Categories are therefore smaller for the group between 10 and 15 years of age and larger for ages before and after. Thirteen years of age was set a priori as the cutoff for analyses of surgery before and after puberty.
We used Cox regression analysis, with age as the temporal axis, to estimate the hazard ratio for testicular cancer associated with age at orchiopexy in comparisons within the cohort. Covariates included in the model were the calendar period of follow-up (1965 to 1990, 1991 to 1995, and 1996 to 2000) , calendar period of orchiopexy, and region where the orchiopexy was performed (two categories: the three largest cities in Sweden and the rest of Sweden). There is colinearity among birth cohort, age at orchiopexy, and calendar period of orchiopexy (e.g., a child operated on at 5 years of age in 1970 must have been born in 1964 or 1965) . To analyze the effect of age at orchiopexy adjusted by calendar period of orchiopexy, we therefore used only three categories for the latter variable (1964 to 1969, 1970 to 1974, and 1975 to 1999) , assuming no period effect after 1974. Both visual inspection of a graph (with the log of the cumulative hazard on the y axis and the log of the survival time on the x axis) and a formal test based on Schoenfeld residuals (P = 0.68) indicated that the proportional-hazard assumption was met. There was no evidence of interaction between the calendar period of follow-up and the effect of age at orchiopexy.
We also conducted a sensitivity analysis, restricting the cohort to men born between 1964 and 1980, among whom the estimate of the effect of age at orchiopexy could not be biased by the lack of information about orchiopexy before 1964 (when the Discharge Register was established) or by the termination of the follow-up at 2000.
R e sult s
The cohort consisted of 16,983 men who were surgically treated for cryptorchidism and followed for a mean (±SD) period of 12.4±7.4 years, with a total of 209,984 person-years at risk. For 679 of the subjects, follow-up ended before December 31, 2000, because of a diagnosis of testicular cancer (56), emigration (436), reaching the age of 55 years (5), or death (182). The overall mean age at orchiopexy was 8.6±3.5 years, and the median age was 8.5 years. Table 1 lists the main characteristics of the cohort.
We identified 56 cases of testicular cancer during the follow-up period, as compared with 20 expected cases, resulting in a standardized inci- dence ratio of 2.75 (95% CI, 2.08 to 3.57). The standardized incidence ratio for testicular cancer among those operated on before the age of 13 years was 2.23 (95% CI, 1.58 to 3.06), whereas it was 5.40 (95% CI, 3.20 to 8.53) for those treated at age 13 or later (Table 2 ). There were no significant differences in risk between groups below (P = 0.81) or above (P = 0.68) the age of 13 years. The proportion of men who were 13 years of age or older at orchiopexy declined from 27.3% in the beginning of the study period to 5.4% during the late 1980s (Table 3 ). Figure 1 shows the standardized incidence ratios for testicular cancer according to the calendar period of orchiopexy among men who underwent the surgery before the age of 13 years and among those who were surgically treated when they were 13 years or older. The standardized incidence ratio for all men in the cohort decreased from 8.64 (95% CI, 4.47 to 15.10) among those operated on between 1964 and 1969 to 3.29 (95% CI, 1.95 to 5.21) for those operated on between 1970 and 1974, and it did not vary much after that. The relative difference between the standardized incidence ratios for those who underwent surgery before the age of 13 years and those in whom surgery was performed at or after the age of 13 years was close to 2 in most of the calendar periods (Fig. 1) .
The within-cohort analysis of the effects of age at orchiopexy on the risk of testicular cancer were consistent with the findings obtained when the rates of testicular cancer in the study cohort were compared with Swedish national rates (Fig. 2) . The adjusted hazard ratio for testicular cancer among men who were 13 years of age or older when surgery was performed, as compared with those who were younger at the time of treatment was 1.99 (95% CI, 1.00 to 3.95). Analyses restricted to men born between 1964 and 1980 revealed a hazard ratio of 3.56 (95% CI, 1.34 to 9.47), based on 6 cases in which surgery was performed at 13 years of age or later and 23 cases in which surgery was performed at an earlier age.
Dis cus sion
In this cohort study of 16,983 men who were surgically treated for cryptorchidism, we found that the risk of testicular cancer among men who were treated at 13 years of age or older was approximately twice that among men who underwent orchiopexy before the age of 13. The results indicate that early, rather than late, surgical treatment can best prevent testicular cancer in boys with cryptorchidism. The results also suggest that the ectopic position of the testis is a factor in the development of testicular cancer.
In our large cohort study, the use of strict criteria for identification of cohort membersregistration with both diagnosis and surgical procedure -reduced the likelihood of misclassification of cryptorchidisism. By starting follow-up 1 year after the date of surgery and by restricting the cohort to men who had been treated before reaching 20 years of age, the risk of including cohort members who already had testicular cancer should have been minimized. Moreover, use of the nationwide cancer registry to ascertain outcome virtually ensured complete follow-up.
In principle, the gradual inclusion of health care regions in the Discharge Register could have biased the results. However, the incidence of testicular cancer in Sweden is fairly homogeneous, 16 and in analyses with an internal comparison group, in which we could adjust for the region, estimates of risk were similar to those in the analysis in which the general population was used as the comparison group. For this reason, it is unlikely that such a bias had any major influence on the results.
The strong effect of the calendar period of orchiopexy on the risk of testicular cancer (Fig. 1) suggests that unknown risk factors correlated with calendar time affect the risk estimates. The effect of age at orchiopexy on the risk of testicular cancer was, however, essentially constant over calendar periods. Consequently, it is unlikely that the factors underlying the effect of the calendar period of orchiopexy can explain the effect of age at orchiopexy on the risk of testicular cancer.
Other studies have examined the age at orchiopexy in relation to the risk of testicular cancer. [9] [10] [11] [12] [13] [17] [18] [19] [20] Most of these investigations were casecontrol studies with small samples. Several suggest that the risk of testicular cancer increases with age at treatment, with men treated after the age of 10 to 15 years at greatest risk. [9] [10] [11] [12] [13] In our study, 1964-1969 27.3 1970-1974 14.8 1975-1979 10.8 1980-1984 7.2 1985-1989 5.4 * Data are not shown for later years because day-surgery orchiopexies were introduced in Sweden in the early 1990s. we could categorize age at orchiopexy into narrower age groups, and we found a sharp increase in risk among men treated when they were 13 to 15 years of age (or older) as compared with those treated at the age of 10 to 12 years (or at younger ages). It is unlikely that such a sharp threshold can be explained by any known confounding factor. It could be argued that men treated at 13 years of age or older had mainly nondescending cryptorchidism, whereas a large proportion of men who were treated before the age of 13 had conditions that may not be associated with testicular cancer, such as spontaneously descending testes or retractile testis. To observe the risk pattern we found, however, 25% of the patients treated before 13 years of age would have to have had nondescending cryptorchidism, as compared with 100% of the patients treated at 13 years of age or older. It therefore seems that the ectopic location of the testis at puberty explains the increase in risk at age 13. It is also believed that the risk of germ-cell cancer of the testis is largely determined in utero. The results of our study are partly consistent with this hypothesis, since the risk was increased in the entire cohort, regardless of the age at surgical treatment. Our results, however, suggest that puberty, here defined arbitrarily as beginning at the age of 13 years, is another crucial event in testicular carcinogenesis.
Some studies have indicated that the risk of testicular cancer in the contralateral testis is increased in men with unilateral cryptorchidism, although to a lesser extent than in the undescended testicle. 9, 11, 13 We could not assess the risk of cancer in the contralateral testis, nor could we assess the effect of age at unilateral orchiopexy on the risk of cancer in the contralateral testis, because information on laterality is not available in the registries used in our study.
Despite unambiguous recommendations for early treatment, 4,6 a proportion of boys with cryptorchidism are still left untreated until much later in life. 21, 22 Sweden has a well-developed nationwide system to screen for cryptorchidism at several points in life, starting with neonatal care and continuing at child health care centers and at school. Since all checkups are free, attendance at these clinics should have been high. Yet in our cohort, approximately 5% of the orchiopexies in the late 1980s were performed at the age of 13 to 19 years. This proportion seems to have remained unchanged ever since. According to 2005 data from the Swedish National Board of Health and Welfare, about 6% of the orchiopexies in Sweden were performed at the age of 13 years or older. In the United Kingdom and the Netherlands, in the late 1990s, about 10 to 20% of the orchiopexies were performed at the age of 13 years or older. 21, 22 According to the Swedish Cancer Registry, the cumulative incidence of testicular cancer until the age of 54 years in Sweden in 2004 was approximately 0.5%. Given the relative risks in our study, we calculated that 69 boys would need to be treated before 13 years of age (instead of at or after The general population in Sweden was used as the comparison group. I bars denote the upper and lower limits of the 95% confidence intervals. that age) to avoid one case of testicular cancer in Sweden before the age of 55 years. In summary, our results indicate that age at orchiopexy has an effect on the risk of testicular cancer in boys with an undescended testicle; the risk among those treated at 13 years of age or older was twice the risk among those who were treated at younger ages.
